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wavelength , second light of a second wavelength , and third 
light of a third wavelength ; a spatial light modulator con 
figured to form a holographic pattern to modulate the light 
emitted from the light source and to produce a holographic 
image ; and a focusing optical system configured to focus the 
holographic image . The focusing optical system includes a 
fixed - focus optical system having a fixed focal length , and 
a variable focus optical system having a focal length that is 
changed by electrical control . The fixed - focus optical sys 
tem is configured to focus the first light of the first wave 
length , the second light of the second wavelength , and the 
third light of the third wavelength on different positions , 
respectively , on an optical axis to cancel a chromatic aber 
ration by the variable focus optical system . 
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HOLOGRAPHIC DISPLAY DEVICE HAVING holographic image , and a focusing optical system configured 
REDUCED CHROMATIC ABERRATION to focus the holographic image , wherein the focusing optical 

system includes a fixed - focus optical system having a fixed 
CROSS - REFERENCE TO RELATED focal length , and a variable focus optical system having a 

APPLICATION 5 focal length that is changed by electrical control , wherein the 
fixed - focus optical system is configured to focus the first 

This application claims priority from Korean Patent light of the first wavelength , the second light of the second 
Application No. 10-2018-0077619 , filed on Jul . 4 , 2018 in wavelength , and the third light of the third wavelength on 
the Korean Intellectual Property Office , the disclosure of different positions , respectively , on an optical axis to cancel 
which is incorporated herein in its entirety by reference . 10 chromatic aberration by the variable focus optical system . 

The holographic display device , wherein each of the 
BACKGROUND fixed - focus optical system and the variable focus optical 

system may have a positive refractive power . 
1. Field The fixed - focus optical system may include a first lens set 

15 configured to focus the first light of the first wavelength on 
Example embodiments of the present disclosure relate to a first position on the optical axis , a second lens set config 

a holographic display device , and more particularly , to a ured to focus the second light of the second wavelength on 
holographic display device having reduced chromatic aber- a second position on the optical axis that is different from the 
ration . first position , and a third lens set configured to focus the 

20 third light of the third wavelength on a third position on the 
2. Description of the Related Art optical axis that is different from the first position and the 

second position , respectively . 
Methods of realizing three - dimensional ( 3D ) images such The holographic display device , wherein a distance 

glasses - type methods and non - glasses - type methods are between the light source and the first position may be less 
widely used . Examples of glasses - type methods include 25 than a distance between the light source and the second 
polarizing glasses - type methods and shutter glasses - type position , the distance between the light source and the 
methods , and examples of the non - glasses - type methods second position may be less than a distance between the light 
include lenticular methods and parallax barrier methods . source and the third position , the third wavelength may be 
These methods use binocular parallax , and increasing the longer than the second wavelength , and the second wave 
number of viewpoints is limited . In addition , these methods 30 length may be longer than the first wavelength . 
may make the viewers feel tired due to the difference The holographic display device , wherein a distance 
between the depth perceived by the brain and the depth of between the light source and the first lens set may be less 
focus by the eyes . than a distance between the light source and the second lens 

Recently , holographic display techniques , which are 3D set , and the distance between the light source and the second 
image display methods capable of matching the depth per- 35 lens set may be less than a distance between the light source 
ceived by the brain to be consistent with the depth of focus and the third lens set . 
by the eyes and providing full parallax , have been gradually The variable focus optical system may include a variable 
put to practical use . According to a holographic display focus diffractive lens element having a first focal length for 
technique , when reference light is radiated onto a holo- the first light of the first wavelength , a second focal length 
graphic pattern having recorded thereon an interference 40 for the second light of the second wavelength , and a third 
pattern obtained by interference between object light focal length for the third light of the third wavelength , the 
reflected from an original object and the reference light , the first focal length may be longer than the second focal length , 
reference light is diffracted and an image of the original and the second focal length may be longer than the third 
object is reproduced . When a commercialized holographic focal length . 
display technique is used , a computer - generated hologram 45 The first position , the second position , and the third 
( CGH ) , rather than a holographic pattern obtained by position may be respectively selected to cancel chromatic 
directly exposing an original object to light , is provided as aberration by the variable focus diffractive lens element to 
an electric signal to a spatial light modulator . Then , the be within a focus adjustment range of the variable focus 
spatial light modulator forms a holographic pattern and diffractive lens element . 
diffracts reference light according to the input CGH signal , 50 The first lens set may include a first wavelength - selective 
thereby generating a 3D image . polarization conversion element and a first anisotropic dif 

fractive lens element , the second lens set may include a 
SUMMARY second wavelength - selective polarization conversion ele 

ment and a second anisotropic diffractive lens element , and 
One or more example embodiments provide a holographic 55 the third lens set comprises a third wavelength - selective 

display device having reduced chromatic aberration . polarization conversion element and a third anisotropic 
Additional aspects will be set forth in part in the descrip- diffractive lens element . 

tion which follows and , in part , will be apparent from the The first wavelength - selective polarization conversion 
description , or may be learned by practice of example element , the first anisotropic diffractive lens element , the 
embodiments . 60 second wavelength - selective polarization conversion ele 

According to an aspect of an example embodiment , there ment , the second anisotropic diffractive lens element , the 
is provided a holographic display device including a light third wavelength - selective polarization conversion element , 
source configured to emit light , the light including first light and the third anisotropic diffractive lens element may be 
of a first wavelength , second light of a second wavelength , sequentially arranged along the optical axis in a direction 
and third light of a third wavelength , a spatial light modu- 65 away from the light source . 
lator configured to form a holographic pattern to modulate The first wavelength - selective polarization conversion 
the light emitted from the light source and to produce a element may be configured to polarize the first light of the 
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first wavelength to have a first linear polarization component length for the third light of the third wavelength , the first 
and polarize the second light of the second wavelength and focal length may be longer than the second focal length , and 
the third light of the third wavelength to have a second linear the second focal length may be longer than the third focal 
polarization component that is orthogonal to the first linear length . 
polarization component , the second wavelength - selective 5 The variable focus optical system may include a variable 
polarization conversion element may be configured to polar- focus diffractive lens element , wherein chromatic aberration 
ize the second light of the second wavelength to have the by the variable focus diffractive lens element is opposite to 
first linear polarization component and the first light of the chromatic aberration by the fixed - focus diffractive lens 
first wavelength and the third light of the third wavelength element , and the chromatic aberration by the variable focus 
to have the second linear polarization component , and the 10 diffractive lens element is selected to cancel the chromatic 
third wavelength - selective polarization conversion element aberration by the fixed - focus diffractive lens element in a 
may be configured to polarize the third light of the third focus adjustment range of the variable focus diffractive lens 
wavelength to have the first linear polarization component element . 
and the first light of the first wavelength and the second light The holographic display device may further include an 
of the second wavelength to have the second linear polar- 15 eye tracker configured to track a pupil position of an 
ization component . observer . 

The holographic display device , wherein each of first The light source may include a first light source config 
anisotropic diffractive lens element , the second anisotropic ured to generate a first holographic image corresponding to 
diffractive lens element , and the third anisotropic diffractive a first view point and a second light source configured to 
lens element , respectively , may be configured to focus light 20 generate a second holographic image corresponding to a 
of the first linear polarization component and transmit light second view point that is different from the first view point . 
of the second linear polarization component without diffrac- The holographic display device may further include an 
tion . actuator configured to adjust positions of the first light 

The fixed - focus optical system may further include a source and the second light source based on the pupil 
fourth wavelength - selective polarization conversion ele- 25 position of the observer that is tracked by the eye tracker . 
ment configured to polarize the first light of the first wave- The holographic display device may further include an 
length , the second light of the second wavelength and the illumination optical system configured to transmit light 
third light of the third wavelength , respectively , to have a emitted from the light source to the spatial light modulator . 
same linear polarization component . The illumination optical system comprises a light guide 
The first wavelength - selective polarization conversion 30 plate may include an input coupler and an output coupler , 

element may be configured to polarize the first light of the and a beam deflector configured to transmit the light emitted 
first wavelength to have a first circular polarization compo- from the light source to the input coupler , and wherein the 
nent and to polarize the second light of the second wave- beam deflector may be configured to adjust an incident angle 
length and the third light of the third wavelength to have a of the light incident on the input coupler based on the pupil 
second circular polarization component that is opposite to 35 position of the observer tracked by the eye tracker . 
the first circular polarization component , the second wave- The holographic display device , wherein a distance 
length - selective polarization conversion element may be between the first position and the second position may be 
configured to polarize the second light of the second wave- equal to a difference between the first focal length and the 
length to have the first circular polarization component and second focal length , and a distance between the second 
the first light of the first wavelength and the third light of the 40 position and the third position may be equal to a difference 
third wavelength to have the second circular polarization between the second focal length and the third focal length . 
component , and the third wavelength - selective polarization According to an aspect of an example embodiment , there 
conversion element may be configured to polarize the third is provided a holographic display device including a light 
light of the third wavelength to have the first circular source configured to emit light , the light comprising first 
polarization component and the first light of the first wave- 45 light of a first wavelength , second light of a second wave 
length and the second light of the second wavelength to have length , and third light of a third wavelength , a spatial light 
the second circular polarization component . modulator configured to form a holographic pattern to 

The holographic display device , wherein each of the first modulate the light emitted from the light source and to 
anisotropic diffractive lens element , the second anisotropic produce a holographic image , and a focusing optical system 
diffractive lens element , and the third anisotropic diffractive 50 configured to focus the holographic image , wherein the 
lens element , respectively , may be configured to focus light focusing optical system includes a fixed - focus optical sys 
of the first circular polarization component and transmit tem having a fixed focal length , and a variable focus optical 
light of the second circular polarization component without system having a first focal length for the first light of the first 
diffraction . wavelength , a second focal length for the second light of the 

The fixed - focus optical system may further include a 55 second wavelength , and a third focal length for the third 
fourth wavelength - selective polarization conversion ele- light of the third wavelength , wherein the fixed - focus optical 
ment configured to polarize the first light of the first wave- system is configured to focus the first light of the first 
length , the secodn light of the second wavelength , and the wavelength , the light of the second wavelength , and the third 
third light of the third wavelength to have an identical light of the third wavelength on a first position , a second 
circular polarization component . 60 position , and a third position , respectively , on an optical 

The fixed - focus optical system may have a positive axis , the first position , the second position , the third position 
refractive power and the variable focus optical system may being difference from each other , and wherein a distance 
have a negative refractive power . between the first position and the second position is equal to 

The fixed - focus optical system may include a fixed - focus a difference between the first focal length and the second 
diffractive lens element having a first focal length for the 65 focal length , and a distance between the second position and 
first light of the first wavelength , a second focal length for the third position is equal to a difference between the second 
the second light of the second wavelength , and a third focal focal length and the third focal length . 
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The fixed - focus optical system may include a first lens set ence to the accompanying drawings . The same reference 
configured to focus the first light of the first wavelength on numerals refer to the same elements throughout . In the 
the first position , a second lens set configured to focus the drawings , the sizes of constituent elements may be exag 
second light of the second wavelength on the second posi- gerated for clarity . The example embodiments described 
tion , and a third lens set configured to focus the third light 5 below are merely exemplary , and various modifications may 
of the third wavelength on the third position . be possible from the example embodiments . In a layer The holographic display device , wherein a distance structure described below , an expression such as “ above ” or between the first lens set and the light source may be less “ on ” may include not only the meaning of “ immediately than a distance between the second lens set and the light on / under / to the left / to the right in a contact manner ” , but source , and a distance between the second lens set and the 10 also the meaning of “ on / under / to the left / to the right in a light source may be less than a distance between the third 
lens set and the light source . non - contact manner ” . 

As used herein , the term “ and / or ” includes any and all 
BRIEF DESCRIPTION OF THE DRAWINGS combinations of one or more of the associated listed items . 

It will be further understood that the terms “ comprises ” 
The above and / or other aspects will become apparent and 15 and / or " comprising ” used herein specify the presence of 

more readily appreciated from the following description of stated features or elements , but do not preclude the presence 
example embodiments , taken in conjunction with the or addition of one or more other features or elements . 
accompanying drawings in which : Expressions such as “ at least one of , ” when preceding a list 

FIG . 1 is a configuration of a holographic display device of elements , modify the entire list of elements and do not 
according to an example embodiment ; 20 modify the individual elements of the list . For example , the 
FIG . 2 is a cross - sectional view of an example of chro- expression , " at least one of a , b , and c , " should be under 

matic aberration caused by a variable focus diffractive lens stood as including only a , only b , only c , both a and b , both 
element having a positive refractive power according to an a and c , both b and c , or all of a , b , and c . 
example embodiment ; FIG . 1 illustrates a configuration of a holographic display 
FIG . 3 is a cross - sectional view of the configuration and 25 device according to an example embodiment . Referring to operation of a fixed - focus optical system having a positive FIG . 1 , a holographic display device 100 according to an refractive power according to an example embodiment ; 
FIG . 4 is a cross - sectional view of an example of the example embodiment may include a light source 110 for 

configuration and operation of a fixed - focus optical system emitting light , a spatial light modulator 120 for forming a 
according to an example embodiment ; holographic pattern for modulating incident light to repro 

FIG . 5 is a cross - sectional view of an example of the 30 duce a holographic image , a focusing optical system 150 for 
configuration and operation of a fixed - focus optical system focusing a holographic image on a space , and an image 
according to an example embodiment ; processor 160 for generating a holographic signal according 
FIG . 6 is a cross - sectional view of an example of the to a holographic image be reproduced and providing the 

configuration and operation of a fixed - focus optical system holographic signal to the spatial light modulator 120. Fur 
according to an example embodiment ; 35 thermore , the holographic display device 100 may further 
FIG . 7 is a cross - sectional view of an example of the include an eye tracker 170 for tracking an observer's pupil 

configuration and operation of a fixed - focus optical system position and an actuator 180 for driving the light source 110 
according to an example embodiment ; in response to information about the observer's pupil posi 
FIG . 8 is a cross - sectional view of an example of the tion tracked and provided by the eye tracker 170 . 

configuration and operation of a fixed - focus optical system 40 The light source 110 may include a first light source 110L 
according to an example embodiment ; for a holographic image to be formed in an observer's left 
FIG . 9 is a cross - sectional view of an example of a eye and a second light source 110R for a holographic image 

reduction in chromatic aberration by a combination of a to be formed in an observer's right eye . Each of the first and fixed - focus optical system and a variable focus optical second light sources 110L and 110R may be arranged to system according to an example embodiment ; 45 provide illumination light incident obliquely on the spatial FIG . 10 is a cross - sectional view of an example of a light modulator 120. For example , the first light source 110L change in chromatic aberration caused by a focal length 
change of a variable focus optical system according to an may be on the opposite side of the observer's left eye with 
example embodiment ; respect to the spatial light modulator 120 , and the second 
FIG . 11 is a cross - sectional view of an example of light source 110R may be on the opposite side of the 

chromatic aberration caused by a fixed - focus diffractive lens 50 observer's right eye with respect to the spatial light modu 
lator 120 . element having a positive refractive power according to an 

example embodiment ; The first and second light sources 110L and 110R may 
FIG . 12 is a cross - sectional view of an example of also include laser diodes to provide illumination light having 

chromatic aberration caused by a variable focus diffractive relatively high coherence . However , example embodiments 
lens element having a negative refractive power according to 55 are not limited thereto . For example , the first and second 
an example embodiment ; light sources 110L and 110R may also include light - emitting 
FIG . 13 is a cross - sectional view of an example of a diodes ( LEDs ) because illumination light may be sufficiently 

reduction in chromatic aberration by a combination of a diffracted and modulated by the spatial light modulator 120 
fixed - focus optical system and a variable focus optical when the illumination light has some degree of spatial 
system according to an example embodiment ; and 60 coherence . Any other light source in addition to the LEDs 
FIG . 14 is a configuration of a holographic display device may also be used as long as the light source emits light with 

according to an example embodiment . spatial coherence . FIG . 1 shows one of each of the first and 
second light sources 110L and 110R as an example , but the 

DETAILED DESCRIPTION first and second light sources 110L and 110R may include an 
65 array of a plurality of light sources . 

Hereinafter , a holographic display device having reduced The spatial light modulator 120 may form a holographic 
chromatic aberration will be described in detail with refer- pattern for modulating and diffracting illumination light 
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emitted from the light source 110 according to a holographic larger . As a result , it may become more difficult to manu 
signal provided from the image processor 160. The spatial facture a relatively thin holographic display device 100 . 
light modulator 120 may use any one of a phase modulator According to the example embodiment , in order to reduce a 
capable of performing only phase modulation , an amplitude thickness of the holographic display device 100 , a diffractive 
modulator capable of performing only amplitude modula- 5 lens element may be used as the fixed - focus optical system 
tion , and a complex modulator capable of performing both 140 and the variable focus optical system 130. For example , 
phase modulation and amplitude modulation . As an example the variable focus optical system 130 may include a variable the spatial light modulator 120 is shown as a transmissive focus diffractive lens element including a liquid crystal spatial light modulator in FIG . 1 , however , example embodi panel . The variable focus diffractive lens element may act as ments are not limited thereto , and a reflective spatial light 10 a Fresnel lens by being configured to adjust the phase of modulator may also be used . As a transmissive spatial light light passing through the liquid crystal panel . For example , modulator , the spatial light modulator 120 may use a semi 
conductor modulator based on a compound semiconductor liquid crystal in the liquid crystal panel may form a geo 
such as gallium arsenide ( GaAs ) , or a liquid crystal device metrical phased array such as a concentric circle , so that the 
( LCD ) . As a reflective spatial light modulator , the spatial 15 variable focus diffractive lens element acts as a lens , and a 
light modulator 120 may use , for example , a digital micro focal length may be adjusted by changing the phased array 
mirror device ( DMD ) , liquid crystal on silicon ( LCOS ) , or a of the liquid crystal . 
semiconductor modulator . Furthermore , according to an example embodiment , both 
The image processor 160 may be configured to generate the fixed - focus optical system 140 and the variable focus 

a holographic signal according to a holographic image to be 20 optical system 130 may have a positive refractive power . For 
provided to an observer , provide the holographic signal to example , both the fixed - focus optical system 140 and the 
the spatial light modulator 120 , and control operations of the variable focus optical system 130 may act as convex lenses . 
light source 110. For example , the image processor 160 may Since a diffraction angle of light pa ng through a diffrac 
control turning on and off the first and second light sources tive lens element is proportional to a wavelength length of 
110L and 110R . The image processor 160 may be imple- 25 incident light , when light is transmitted through the diffrac 
mented using software , or may be implemented in the form tive lens element acting like a convex lens , the diffractive 
of a semiconductor chip in which functions of such software lens element generally causes chromatic aberration opposite are embedded . to that caused by a refractive lens . For example , FIG . 2 is a The eye tracker 170 may obtain an image of an observer cross - sectional view of an example of chromatic aberration through a camera or the like , detect an observer's pupil in the 30 caused by a variable focus diffractive lens element having a image , and analyze a position of the observer's pupil . The positive refractive power used as the variable focus optical eye tracker 170 may track a position change of the observ system 130. Referring to FIG . 2 , when light L1 having a first er's pupil in real time and provide the result to the image 
processor 160. The image processor 160 may then generate wavelength , light L2 having a second wavelength that is 
a holographic signal in response to the information about the 35 longer than the first wavelength , and light L3 having a third 
observer's pupil position provided from the eye tracker 170 . wavelength that is longer than the second wavelength are 
For example , the image processor 160 may generate a incident on a variable focus diffractive lens element , the 
holographic signal in accordance with a viewpoint change light L3 having the longest third wavelength is diffracted at 
due to an observer's position change , and may provide the the greatest angle and the light L1 having the shortest first 
generated holographic signal to the spatial light modulator 40 wavelength is diffracted at the smallest angle . Then , posi 
120. Also , the image processor 160 may change positions of tions where the lights L1 , L2 , and L3 of the first , second , and 
the first and second light sources 110L and 110R by con- third wavelengths are focused on an optical axis OX are 
trolling the actuator 180 to move illumination light toward changed . For example , a focal length of a variable focus 
an observer's pupil position . diffractive lens element for red light may be the shortest and 

The focusing optical system 150 is configured to focus 45 a focal length of a variable focus diffractive lens element for 
reproduced light , formed by modulation of illumination light blue light may be the longest . 
by the spatial light modulator 120 , to form a holographic In order to compensate for chromatic aberration caused by 
image on a predetermined space . For example , the focusing the variable focus optical system 130 including the variable 
optical system 150 may focus reproduced light on the focus diffractive lens elements , the fixed - focus optical sys 
observer's pupil position . 50 tem 140 may be configured to respectively focus the lights 

The focusing optical system 150 may include a fixed- L1 , L2 , and L3 of the first , second , and third wavelengths on 
focus optical system 140 having a fixed focal length and a different positions on the optical axis OX . For example , FIG . 
variable focus optical system 130 in which a focal length is 3 is a cross - sectional view of configuration and operation of 
changed by electrical control . The variable focus optical the fixed - focus optical system 140 having a positive refrac 
system 130 may change a focal length in response to a 55 tive power according to an example embodiment . Referring 
change in a distance between an observer and the holo- to FIG . 3 , the fixed - focus optical system 140 may include a 
graphic display device 100. For example , when receiving first lens set 141 for focusing the light L1 of the first 
information from the eye tracker 170 that an observer is wavelength on a first position P1 on an optical axis OX , a 
moving away from the holographic display device 100 , the second lens set 142 for focusing the light L2 of the second 
variable focus optical system 130 may increase a focal 60 wavelength on a second position P2 on the optical axis OX 
length . On the other hand , when receiving information that different from the first position P1 , and a third lens set 143 
an observer is approaching the holographic display device focusing the light L3 of the third wavelength on a third 
100 , the variable focus optical system 130 may reduce the position P3 on the optical axis OX different from the first 
focal length . and second positions P1 and P2 . The first lens set 141 
When a refractive lens element is used as the fixed - focus 65 transmits the lights L2 and L3 of the second and third 

optical system 140 and the variable focus optical system wavelengths without diffraction , the second lens set 142 
130 , the volume of the focusing optical system 150 may be transmits the lights L1 and L3 of the first and third wave 
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lengths without diffraction , and the third lens set 143 trans- 4 , the first lens set 141 may include a first wavelength 
mits the lights L1 and L2 of first and second wavelengths selective polarization conversion element 141a and a first 
without diffraction . anisotropic diffractive lens element 141b , the second lens set 

The first , second , and third positions P1 , P2 , and P3 are 142 may include a second wavelength - selective polarization 
selected to cancel the chromatic aberration caused by the 5 conversion element 142a and a second anisotropic diffrac 
variable focus optical system 130. For example , since a focal tive lens element 142b , and the third lens set 143 may 
length of a variable focus diffractive lens element for the include a third wavelength - selective polarization conversion 
light L3 of the third wavelength is the shortest , the third element 143a and a third anisotropic diffractive lens element 
position P3 is arranged farthest away from the variable focus 143b . The first wavelength - selective polarization conversion 
diffractive lens element compared to the first and second 10 element 141a , the first anisotropic diffractive lens element 
positions P1 and P2 . In other words , a distance between the 141b , the second wavelength - selective polarization conver 
light source 110 and the first position P1 may be less than a sion element 142a , the second anisotropic diffractive lens 
distance between the light source 110 and the second posi- element 142b , the third wavelength - selective polarization 
tion P2 , and the distance between the light source 110 and conversion element 143a , and the third anisotropic diffrac 
the second position P2 may be less than a distance between 15 tive lens element 143b may be sequentially arranged along 
the light source 110 and the third position P3 . Also , a the optical axis OX in a direction away from the light source 
distance D1 between the first position P1 and the second 110 , that is , in a traveling direction of illumination light 
position P2 on the optical axis OX may be equal to a emitted by the light source 110 . 
difference between a focal length of a variable focus dif- The first wavelength - selective polarization conversion 
fractive lens element for the light L1 of the first wavelength 20 element 141a may be configured to convert the polarization 
and a focal length of a variable focus diffractive lens element of incident light such that the light L1 of the first wavelength 
for the light L2 of the second wavelength . Furthermore , a has a first linear polarization component and the lights L2 
distance D2 between the second position P2 and the third and L3 of the second and third wavelengths have a second 
position P3 on the optical axis OX may be equal to a linear polarization component orthogonal to the first linear 
difference between the focal length of the variable focus 25 polarization component . The second wavelength - selective 
diffractive lens element for the light L2 of the second polarization conversion element 142a is configured to con 
wavelength and the focal length of the variable focus vert the polarization of incident light such that the light L2 
diffractive lens element for the light L3 of the third wave- of the second wavelength has the first linear polarization 
length . component and the lights L1 and L3 of the first and third 

For this , the first , second , and third lens sets 141 , 142 , and 30 wavelengths have the second linear polarization component . 
143 may be arranged at different positions on the optical axis The third wavelength - selective polarization conversion ele 
OX . For example , a distance between the light source 110 ment 143a is configured to convert the polarization of 
and the first lens set 141 may be less than a distance between incident light such that the light L3 of the third wavelength 
the light source 110 and the second lens set 142 , and the has the first linear polarization component and the lights L1 
distance between the light source 110 and the second lens set 35 and L2 of first and second wavelengths have the second 
142 may be less than a distance between the light source 110 linear polarization component . The first , second , and third 
and the third lens set 143. In other words , the first lens set anisotropic diffractive lens elements 141b , 142b , and 143b 
141 , the second lens set 142 , and the third lens set 143 may may be configured to diffract and focus light of the first 
be sequentially arranged in a traveling direction of illumi- linear polarization component and transmit light of the 
nation light emitted from the light source 110 . 40 second linear polarization component without diffraction . 
A focal length of the first lens set 141 for the light Ll of For example , among the lights L1 , L2 and L3 of the first , 

the first wavelength , a focal length of the second lens set 142 second , and third wavelengths passing through the first 
for the light L2 of the second wavelength , and a focal length wavelength - selective polarization conversion element 141a , 
of the third lens set 143 for the light L3 may be equal to each the light L1 of the first wavelength has a first linear polar 
other , but are not limited thereto . Specific positions on the 45 ization component , and the lights L2 and L3 of the second 
optical axis OX of the first , second , and third lens sets 141 , and third wavelengths have a second linear polarization 
142 , and 143 may be determined according to the focal component . The light L1 of the first wavelength having the 
lengths of the first , second , and third lens sets 141 , 142 , and first linear polarization component is diffracted by the first 
143 and the first , second , and third positions P1 , P2 and P3 . anisotropic diffractive lens element 141b and the lights L2 
When the focal length of the first lens set 141 for the light 50 and L3 of the second and third wavelengths having the 
Ll of the first wavelength , the focal length of the second lens second linear polarization light component pass through the 
set 142 for the light L2 of the second wavelength , and the first anisotropic diffractive lens element 141b without dif 
focal length of the third lens set 143 for the light L3 are equal fraction . After passing through the first anisotropic diffrac 
to each other , a distance d1 between the first lens set 141 and tive lens element 141b , the lights L1 , L2 and L3 of the first , 
the second lens set 142 may be equal to a distance D1 55 second , and third wavelengths are incident on the second 
between the first position P1 and the second position P2 . A wavelength selective polarizing conversion element 142a . 
distance d2 between the second lens set 142 and the third The light L1 of the first wavelength is polarized to have the 
lens set 143 may be the same as a distance D2 between the second linear polarization component while passing through 
second position P2 and the third position P3 . the second wavelength - selective polarization conversion 

In order to allow the first , second , and third lens sets 141 , 60 element 142a and the light L2 of the second wavelength is 
142 , and 143 to focus only the corresponding lights L1 , L2 , polarized to have the first linear polarization component by 
and L3 of the first , second , and third wavelengths , respec- the second wavelength - selective polarization conversion 
tively , the first , second , and third lens sets 141 , 141 , 142 , and element 142a . Therefore , the lights L1 and L3 of the first , 
143 may be configured in various manners . For example , second , and third wavelengths are not diffracted by the 
FIG . 4 is a cross - sectional view of an example of the 65 second anisotropic diffractive lens element 142b and only 
configuration and operation of the fixed - focus optical system the light L2 of the second wavelength is diffracted by the 
140 according to an example embodiment . Referring to FIG . second anisotropic diffractive lens element 142b . After pass 
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ing through the second anisotropic diffractive lens element L3 of the third wavelength has the first linear polarization 
142b , the lights L1 , L2 and L3 of the first , second , and third component . Only the light L3 of the third wavelength is then 
wavelengths are incident on the third wavelength selective diffracted by the third anisotropic diffractive lens element 
polarizing conversion element 143a . The light L2 of the 143b , and lights L1 and L2 of the first and second wave 
second wavelength is polarized to have the second linear 5 lengths are transmitted without diffraction . 
polarization component by the third wavelength - selective FIG . 6 is a cross - sectional view of an example of the 
polarization conversion element 143a and the light L3 of the configuration and operation of the fixed - focus optical system 
third wavelength is polarized to have the first linear polar- 140 according to an example embodiment . Referring to FIG . 
ization component by the third wavelength - selective polar- 6 , the third lens set 143 may further include a fourth 
ization conversion element 143a . Therefore , the lights L1 10 wavelength - selective polarization conversion element 143c 
and L2 of first and second wavelengths are not diffracted by for converting the polarization of incident light such that the 
the third anisotropic diffractive lens element 143b and only lights L1 , L2 , and L3 of the first , second , and third wave 
the light L3 of the third wavelength is diffracted by the third lengths to have identical linear polarization components . 
anisotropic diffractive lens element 143b . As a result , among The fourth wavelength - selective polarization conversion 
the lights finally focused by the fixed - focus optical system 15 element 143c may be placed behind the third anisotropic 
140 , the lights L1 and L2 of first and second wavelengths diffractive lens element 143b , further away from the light 
may have the second linear polarization component and the source 110 than the third anisotropic diffractive lens element 
light L3 of the third wavelength may have the first linear 143b , in a light traveling direction on an optical path . The 
polarization component . remaining configuration of the fixed - focus optical system 
FIG . 5 is a cross - sectional view of an example of the 20 140 shown in FIG . 6 may be the same as that of the 

configuration and operation of the fixed - focus optical system fixed - focus optical system 140 shown in FIG . 5. For 
140 according to an example embodiment . Referring to FIG . example , the fourth wavelength - selective polarization con 
5 , the first lens set 141 may further include a polarizing plate version element 143c , among incident lights , may transmit 
141c configured to transmit only a second linear polarization the lights L1 and L2 of first and second wavelengths without 
component of incident lights . The polarizing plate 1410 may 25 any rotation and rotate a polarization direction of the light 
be in front of the first wavelength - selective polarization L3 of the third wavelength by 90 degrees . The lights L1 , L2 , 
conversion element 141a , closer to the light source 110 than and L3 of the first , second , and third wavelengths finally 
the first wavelength - selective polarization conversion ele- focused by the fixed - focus optical system 140 may all have 
ment 141a , on an optical path . The first wavelength - selec- a second linear polarization component . 
tive polarization conversion element 141a is configured to 30 However , example embodiments are not limited thereto , 
rotate a polarization direction of the light L1 of the first and it is possible to implement the fixed - focus optical 
wavelength , among incident lights , by 90 degrees and to system 140 that performs the above - described operation 
transmit the lights L2 and L3 of the second and third using a circular polarization characteristic . For example , 
wavelengths without any rotation . Accordingly , among the FIG . 7 is a cross - sectional view of an example of the 
lights passing through the first wavelength - selective polar- 35 configuration and operation of the fixed - focus optical system 
ization conversion element 141a , the light L1 of the first 140 according to an example embodiment . Referring to FIG . 
wavelength has the first linear polarization component , and 7 , the first lens set 141 may include a first wavelength 
the lights L2 and L3 of the second and third wavelengths selective polarization conversion element 241a and a first 
have the second linear polarization component . Only the anisotropic diffractive lens element 241b , the second lens set 
light L1 of the first wavelength is then diffracted by the first 40 142 may include a second wavelength - selective polarization 
anisotropic diffractive lens element 141b , and lights L2 and conversion element 242a and a second anisotropic diffrac 
L3 of the second and third wavelengths are transmitted tive lens element 242b , and the third lens set 143 may 
without diffraction . include a third wavelength - selective polarization conversion 

Also , the second wavelength - selective polarization con- element 243a and a third anisotropic diffractive lens element 
version element 142a is configured to rotate a polarization 45 243b . 
direction of the lights L1 and L2 of first and second The first wavelength - selective polarization conversion 
wavelengths , among incident lights , by 90 degrees and to element 241a is configured to convert the polarization of 
transmit the light L3 of the third wavelength without any incident light such that the light L1 of the first wavelength 
rotation . Accordingly , among the lights passing through the has a first circular polarization component ( e.g. , a right 
second wavelength - selective polarization conversion ele- 50 circular polarization component ) and the lights L2 and L3 of 
ment 142a , the lights L1 and L3 of the first and third the second and third wavelengths have a second circular 
wavelengths have the second linear polarization component , polarization component ( e.g. , a left circular polarization 
and the light L2 of the second wavelength has the first linear component ) opposite to the first circular polarization com 
polarization component . Only the light L2 of the second ponent . The second wavelength - selective polarization con 
wavelength is then diffracted by the second anisotropic 55 version element 242a is configured to convert the polariza 
diffractive lens element 142b , and lights L1 and L3 of the tion of incident light such that the light L2 of the second 
first and third wavelengths are transmitted without diffrac- wavelength has the first circular polarization component and 
tion . the lights L1 and L3 of the first and third wavelengths have 

Also , the third wavelength - selective polarization conver- the second circular polarization component . The third wave 
sion element 143a is configured to rotate a polarization 60 length - selective polarization conversion element 243a is 
direction of the lights L2 and L3 of the second and third configured to convert the polarization of incident light such 
wavelengths , among incident lights , by 90 degrees and to that the light L3 of the third wavelength has the first circular 
transmit the light L1 of the first wavelength without any polarization component and the lights L1 and L2 of first and 
rotation . Accordingly , among the lights passing through the second wavelengths have the second circular polarization 
third wavelength - selective polarization conversion element 65 component . The first , second , and third anisotropic diffrac 
143a , the lights L1 and L2 of first and second wavelengths tive lens elements 241 , 242b , and 243b are configured to 
have the second linear polarization component , and the light diffract and focus light of the first circular polarization 
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component and transmit light of the second circular polar- the lights L1 and L2 of first and second wavelengths without 
ization component without diffraction . rotation and rotate a polarization direction of the light L3 of 
FIG . 8 is a cross - sectional view of an example of the the third wavelength in the opposite direction . The lights L1 , 

configuration and operation of the fixed - focus optical system L2 , and L3 of the first , second , and third wavelengths finally 
140 according to an example embodiment . Referring to FIG . 5 focused by the fixed - focus optical system 140 may all have 
8 , the first lens set 141 may further include a polarizing plate a second circular polarization component . 
241c for transmitting only a second circular polarization FIG . 9 is a cross - sectional view of an example of a 
component among incident lights . The polarizing plate 2410 reduction in chromatic aberration due to a combination of 
may be in front of the first wavelength - selective polarization the fixed - focus optical system 140 and the variable focus 
conversion element 241a , closer to the light source 110 than 10 optical system 130. Referring to FIG . 9 , the light L1 of the 
the first wavelength - selective polarization conversion ele- first wavelength is focused on the first position P1 on the 
ment 241a , on an optical path . The first wavelength - selec- optical axis OX by the fixed - focus optical system 140 , the 
tive polarization conversion element 241a is configured to light L2 of the second wavelength is focused on the second 
rotate a polarization direction of the light L1 of the first position P2 on the optical axis OX , and the light L3 of the 
wavelength , among incident lights , in the opposite direction 15 third wavelength is focused on the third position P3 on the 
and to transmit the lights L2 and L3 of the second and third optical axis OX . A distance between the fixed - focus optical 
wavelengths without any rotation . Accordingly , among the system 140 and the first position P1 is less than a distance 
lights passing through the first wavelength - selective polar- between the fixed - focus optical system 140 and the second 
ization conversion element 241a , the light L1 of the first position P2 , and the distance between the fixed - focus optical 
wavelength has a first circular polarization component , and 20 system 140 and the second position P2 may be less than a 
the lights L2 and L3 of the second and third wavelengths distance between the fixed - focus optical system 140 and the 
have the second circular polarization component . Only the third position P3 . 
light Ll of the first wavelength is then diffracted and focused According to an example embodiment , as shown in FIG . 
by the first anisotropic diffractive lens element 241b , and 2 , the variable focus optical system 130 including a variable 
lights L2 and L3 of the second and third wavelengths are 25 focus diffractive lens element having a positive refractive 
transmitted without diffraction . power has a shortest focal length for the light L3 of the third 

Also , the second wavelength - selective polarization con- wavelength and a longest focal length for the light L1 of the 
version element 242a is configured to rotate a polarization first wavelength . Therefore , when the fixed - focus optical 
direction of the lights L1 and L2 of first and second system 140 is configured such that the first , second , and third 
wavelengths , among incident lights , in the opposite direc- 30 positions P1 , P2 , and P3 are substantially opposite to the 
tion and to transmit the light L3 of the third wavelength chromatic aberration caused by the variable focus optical 
without rotation . Accordingly , among the lights passing system 130 , the chromatic aberration caused by the variable 
through the second wavelength - selective polarization con- focus optical system 130 may be canceled by the fixed - focus 
version element 242a , the lights L1 and L3 of the first and optical system 140. For example , a distance between the first 
third wavelengths have the second circular polarization 35 position P1 and the second position P2 is the same as a 
component , and the light L2 of the second wavelength has difference between a focal length of the variable focus 
the first circular polarization component . Only the light L2 optical system 130 for the light L1 of the first wavelength 
of the second wavelength is then diffracted and focused by and a focal length for the light L2 of the second wavelength , 
the second anisotropic diffractive lens element 242b , and and a distance between the second position P2 and the third 
lights L1 and L3 of the first and third wavelengths are 40 position P3 may be the same as a difference between the 
transmitted without diffraction . focal length of the variable focus optical system 130 for the 

The third wavelength - selective polarization conversion light L2 of the second wavelength and the focal length 
element 243a is configured to rotate a polarization direction corresponding to the third light wavelength L3 . The focusing 
of the lights L2 and L3 of the second and third wavelengths , optical system 150 including the fixed - focus optical system 
among incident lights , in the opposite direction and to 45 140 and the variable focus optical system 130 may focus the 
transmit the light L1 of the first wavelength without any lights L1 , L2 , and L3 of the first , second , and third wave 
rotation . Accordingly , among the lights passing through the lengths to a fourth position P4 without chromatic aberration . 
third wavelength - selective polarization conversion element According to an example embodiment , a focal length of 
243a , the lights L1 and L2 of first and second wavelengths the variable focus optical system 130 changes according to 
have the second circular polarization component , and the 50 an observer's position , and the degree of chromatic aberra 
light L3 of the third wavelength has the first circular tion changes as the focal length changes . Meanwhile , a focal 
polarization component . Only the light L3 of the third length of the fixed - focus optical system 140 is always fixed . 
wavelength is then diffracted by the third anisotropic dif- As a result , the chromatic aberration may be completely 
fractive lens element 243b , and lights L1 and L2 of the first canceled or insufficiently compensated or over - compensated 
and second wavelengths are transmitted without diffraction . 55 according to the focal length of the variable focus optical 

Referring to FIG . 8 , the third lens set 143 may further system 130. For example , FIG . 10 is a cross - sectional view 
include a fourth wavelength - selective polarization conver- of an example of a change in chromatic aberration caused by 
sion element 243c for converting the polarization of incident a focal length change of the variable focus optical system 
light such that the lights L1 , L2 , and L3 of the first , second , 130. Referring to FIG . 10 , when the entire focal length of the 
and third wavelengths have identical circular polarization 60 focusing optical system 150 including the fixed - focus opti 
components . The fourth wavelength - selective polarization cal system 140 and the variable focus optical system 130 is 
conversion element 243c is behind the third anisotropic F1 , the chromatic aberration caused by the variable focus 
diffractive lens element 243b , further away from the light optical system 130 is completely canceled . When the focal 
source 110 than the third anisotropic diffractive lens element length of the focusing optical system 150 is shortened to F2 , 
243b , in a light traveling direction on an optical path . For 65 the chromatic aberration caused by the variable focus optical 
example , the fourth wavelength - selective polarization con- system 130 is insufficiently compensated . When the focal 
version element 243c , among incident lights , may transmit length of the focusing optical system 150 is increased to F3 , 
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the chromatic aberration caused by the variable focus optical lens element having a negative refracting power . This vari 
system 130 is over - compensated . able focus diffractive lens element may be configured to 
However , when a difference between focus positions of cause chromatic aberration opposite to the chromatic aber 

the lights L1 , L2 , and L3 of the first , second , and third ration caused by the fixed - focus diffractive lens element of 
wavelengths at the focal lengths F2 and F3 is sufficiently 5 the fixed - focus optical system 140 . 
small , an observer may not detect the chromatic aberration . For example , FIG . 12 is a cross - sectional view of an 
For example , when the difference between the focus posi- example of chromatic aberration caused by a variable focus 
tions of the lights L1 , L2 and L3 of the first , second , and diffractive lens element having a negative refractive power 
third wavelengths is less than a diameter of a permissible used as the variable focus optical system 130. Since the 
circle of confusion , the chromatic aberration may be con- 10 variable focus diffractive lens element has a negative refrac 
sidered to be canceled . Accordingly , the first , second , and tive power , light passing through the variable focus diffrac 
third positions P1 , P2 , and P3 may be selected such that the tive lens element diverges . The light L1 of the first wave 
chromatic aberration in a focus adjustment range of the length having the shortest wavelength diverges at the 
variable focus optical system 130 including a variable focus smallest angle and the light L3 of the third wavelength 
diffractive lens element is canceled to be less than the 15 having the longest wavelength diverges at the greatest angle . 
diameter of the permissible circle of confusion . Alterna- When light beams are extended in a direction opposite to a 
tively , a region in which the chromatic aberration caused by traveling direction of the lights L1 , L2 and L3 of the first , 
the focusing optical system 150 including the fixed - focus second , and third wavelengths , extension lines of the light 
optical system 140 and the variable focus optical system 130 beams converge on the optical axis OX in a front direction 
is less than the diameter of the permissible circle of confu- 20 of the variable focus optical system 130. A point at which the 
sion may be selected as the focus adjustment range of the extension lines of the light beams converge is a virtual focus 
variable focus optical system 130 . of the variable focus optical system 130 . 

According to example embodiments , both the fixed - focus As shown in FIG . 12 , an extension line Ll ' of the light L1 
optical system 140 and the variable focus optical system 130 of the first wavelength converges at a first position P21 , an 
may have a positive refractive power , and the chromatic 25 extension line L2 ' of the light L2 of the second wavelength 
aberration caused by the variable focus optical system 130 converges at a second position P22 , and an extension line 
having one variable focus diffractive lens element may be L3 ' of the light L3 of the wavelength converges at a third 
compensated with the fixed - focus optical system 140 having position P23 . A distance from the variable focus optical 
a plurality of diffractive lens elements . However , example system 130 to the first position P21 is closer than a distance 
embodiments are not limited thereto , and according to an 30 from the variable focus optical system 130 to the second 
example embodiment , the fixed - focus optical system 140 position P22 and a distance from the variable focus optical 
may include only one fixed - focus diffractive lens element . In system 130 to the second position P22 is closer than the 
this case , it is possible to compensate the chromatic aber- distance from the variable focus optical system 130 the 
ration caused by the fixed - focus optical system 140 having third position P23 . The chromatic aberration caused by the 
the positive refracting power with the variable focus optical 35 fixed - focus optical system 140 may be canceled in the focus 
system 130 having a negative refracting power . adjustment range of the variable focus optical system 130 by 

For example , FIG . 11 is a cross - sectional view of an selecting positions of the virtual focus of the variable focus 
example of chromatic aberration caused by a fixed - focus optical system 130 . 
diffractive lens element having a positive refractive power For example , FIG . 13 is a cross - sectional view of an 
used as the variable focus optical system 140. Referring to 40 example of a reduction in chromatic aberration based on a 
FIG . 11 , when the lights L1 , L2 , and L3 of the first , second , combination of the fixed - focus optical system 140 and the 
and third wavelengths are incident , the light L3 of the third variable focus optical system 130. Referring to FIG . 13 , the 
wavelength having the longest wavelength is diffracted at light L1 of the first wavelength is focused on the third 
the greatest angle and the light Ll of the first wavelength position P13 on the optical axis OX by the fixed - focus 
having the shortest wavelength is diffracted at the smallest 45 optical system 140 , the light L2 of the second wavelength is 
angle . Then , positions where the lights L1 , L2 , and L3 of the focused on the second position P12 on the optical axis OX , 
first , second , and third wavelengths are focused on the and the light L3 of the third wavelength is focused on the 
optical axis OX are changed . For example , the light L3 of first position P11 on the optical axis OX . A distance between 
the third wavelength having the longest wavelength is the fixed - focus optical system 140 and the first position P11 
focused on a first position P11 closest to the fixed - focus 50 is less than a distance between the fixed - focus optical system 
optical system 140 on the optical axis OX , the light L2 of the 140 and the second position P12 , and the distance between 
second wavelength is focused on a second position P12 on the fixed - focus optical system 140 and the second position 
the optical axis OX , and the light L1 of the first wavelength P12 may be less than a distance between the fixed - focus 
having the shortest wavelength is focused on the third optical system 140 and the third position P13 . 
position P13 farthest from the fixed - focus optical system 55 Meanwhile , the variable focus optical system 130 includ 
140 on the optical axis OX . In other words , the focal length ing the variable focus diffractive lens element having a 
of the fixed - focus optical system 140 for the light L1 of the negative refracting power diverges the light L1 of the first 
first wavelength is longer than the focal length of the wavelength having the shortest wavelength at the smallest 
fixed - focus optical system 140 for the light L2 of the second angle and diverges the light L3 of the third wavelength 
wavelength , and the focal length of the fixed - focus optical 60 having the longest wavelength at the greatest angle . There 
system 140 for the light L2 of the second wavelength is fore , the chromatic aberration caused by the fixed - focus 
longer than the focal length of the fixed - focus optical system optical system 140 and the chromatic aberration caused by 
140 for the light L3 of the third wavelength . the variable focus optical system 130 are opposite to each 

In order to compensate for the chromatic aberration other . The focusing optical system 150 including the fixed 
caused by the fixed - focus optical system 140 including such 65 focus optical system 140 and the variable focusing optical 
a fixed - focus diffractive lens element , the variable focus system 130 may then focus the lights L1 , L2 , and L3 of the 
optical system 130 may include a variable focus diffractive first , second , and third wavelengths at a fourth position P14 
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on the optical axis OX farther than the third position P13 tions of the fixed - focus optical system 140 and the variable 
without chromatic aberration . focus optical system 130 may be the same as those already 

Furthermore , a focus position of the focusing optical described with reference to FIGS . 2 to 13 . 
system 150 including the fixed - focus optical system 140 and Although the above - described holographic display device 
the variable focus optical system 130 also changes when the 5 having reduced chromatic aberration have been described 
variable focus optical system 130 changes virtual focus with reference to the example embodiments shown in the positions in response to observer's position information . drawings , they are only examples . It should be understood Accordingly , the degree of overall chromatic aberration that example embodiments described herein should be con caused by the focusing optical system 150 also changes . sidered in a descriptive sense only and not for purposes of Therefore , the variable focus optical system 130 is config- 10 limitation . Descriptions of features or aspects within each ured to adjust a difference of the virtual focus positions for 
the lights L1 , L2 , and L3 of the first , second , and third example embodiment should typically be considered as 

available for other similar features or aspects in other wavelengths according to a focal length such that the overall 
chromatic aberration caused by the focusing optical system example embodiments . 
150 in the focus adjustment range is canceled to be less than 15 While example embodiments have been described with 
the diameter of a permissible circle of confusion . According reference to the figures , it will be understood by those of 
to an example embodiment , a region in which the chromatic ordinary skill in the art that various changes in form and 
aberration caused by the focusing optical system 150 includ details may be made therein without departing from the 
ing the fixed - focus optical system 140 and the variable focus spirit and scope as defined by the following claims . 
optical system 130 is less than the diameter of the permis- 20 
sible circle of confusion may be selected as the focus What is claimed is : 
adjustment range of the variable focus optical system 130 . 1. A holographic display device comprising : 

FIG . 14 is a configuration diagram of a configuration of a light source configured to emit light , the light compris a holographic display device according to an example ing first light of a first wavelength , second light of a embodiment . Referring to FIG . 14 , a holographic display 25 second wavelength , and third light of a third wave device 200 according to an example embodiment may length ; 
include the light source 110 for providing light , the spatial a spatial light modulator configured to form a holographic light modulator 120 for forming a holographic pattern for 
modulating incident light to reproduce a holographic image , pattern to modulate the light emitted from the light 
the focusing optical system 150 for focusing a holographic 30 source and to produce a holographic image ; and 
image , the image processor 160 for generating a holographic a focusing optical system configured to focus the holo 
signal according to a holographic image to be reproduced graphic image , wherein the focusing optical system 
and providing the holographic signal to the spatial light comprises : 
modulator 120 , an illumination optical system 210 for a fixed - focus optical system having a fixed focal length on 
transmitting light emitted from the light source 110 to the 35 an optical axis ; and 
spatial light modulator 120 , and the eye tracker 170 for a variable focus optical system having a focal length that 
tracking an observer's pupil position . is changed by electrical control , 

The holographic display device 200 according to an wherein the fixed - focus optical system is configured to 
example embodiment may provide a holographic image for focus the first light of the first wavelength , the second 
the left eye and a holographic image for the right eye with 40 light of the second wavelength , and the third light of the 
a single light source 110 using the illumination optical third wavelength on different positions , respectively , on 
system 210 which may be configured to divide light incident the optical axis to cancel chromatic aberration by the 
from the light source 110 and to move the lights toward a variable focus optical system . 
left - eye direction and a right - eye direction , respectively . For 2. The holographic display device of claim 1 , wherein 
example , the illumination optical system 210 may include a 45 each of the fixed - focus optical system and the variable focus 
transparent light guide plate 211 having an input coupler 212 optical system has a positive refractive power . 
and an output coupler 213 , and a beam deflector 214 for 3. The holographic display device of claim 2 , wherein the 
providing light emitted from the light source 110 to the input fixed - focus optical system comprises : 
coupler 212 a first lens set configured to focus the first light of the first 

The beam deflector 214 may include a liquid crystal 50 wavelength on a first position on the optical axis ; 
deflector configured to diffract incident light to produce two a second lens set configured to focus the second light of 
light beams traveling at different angles . The two light the second wavelength on a second position on the 
beams may be incident on the input coupler 212 at different optical axis that is different from the first position ; and 
angles , and further travel at different angles in the light guide a third lens set configured to focus the third light of the 
plate 211. As a result , emission angles of the two light beams 55 third wavelength on a third position on the optical axis 
emitted through the output coupler 213 are also different that is different from the first position and the second 
from each other . The two light beams may pass through the position . 
focusing optical system 150 and the spatial light modulator 4. The holographic display device of claim 3 , wherein a 
120 and may finally travel to the left and right eyes of the distance between the light source and the first position is less 
observer , respectively . The beam deflector 214 may also 60 than a distance between the light source and the second 
adjust an incident angle of the two light beams incident on position , 
the input coupler 212 in response to observer's pupil posi- the distance between the light source and the second 
tion information provided from the eye tracker 170 . position is less than a distance between the light source 

The focusing optical system 150 may include the fixed and the third position , 
focus optical system 140 having a fixed focal length and the 65 the third wavelength is longer than the second wave 
variable focus optical system 130 in which a focal length is length , and 
changed by electrical control . The configuration and opera- the second wavelength is longer than the first wavelength . 
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5. The holographic display device of claim 4 , wherein a light of the first linear polarization component and transmit 
distance between the light source and the first lens set is less light of the second linear polarization component without 
than a distance between the light source and the second lens diffraction . 
set , and 12. The holographic display device of claim 10 , wherein 

the distance between the light source and the second lens 5 the fixed - focus optical system further comprises a fourth 
set is less than a distance between the light source and wavelength - selective polarization conversion element con 
the third lens set . figured to polarize the first light of the first wavelength , the 

6. The holographic display device of claim 4 , wherein the second light of the second wavelength and the third light of 
variable focus optical system comprises a variable focus the third wavelength to have a same linear polarization 
diffractive lens element having a first focal length for the component . 
first light of the first wavelength , a second focal length for 13. The holographic display device of claim 8 , wherein 
the second light of the second wavelength , and a third focal the first wavelength - selective polarization conversion ele 
length for the third light of the third wavelength , ment is configured to polarize the first light of the first 

the first focal length is longer than the second focal length , is wavelength to have a first circular polarization component 
and and to polarize the second light of the second wavelength 

the second focal length is longer than the third focal and the third light of the third wavelength to have a second 
length . circular polarization component that is opposite to the first 

7. The holographic display device of claim 6 , wherein the circular polarization component , 
first position , the second position , and the third position are 20 the second wavelength - selective polarization conversion 
respectively selected to cancel chromatic aberration by the element is configured to polarize the second light of the 
variable focus diffractive lens element to be within a focus second wavelength to have the first circular polariza 
adjustment range of the variable focus diffractive lens ele tion component and the first light of the first wave 
ment . length and the third light of the third wavelength to 

8. The holographic display device of claim 3 , wherein the 25 have the second circular polarization component , and 
first lens set comprises a first wavelength - selective polar- the third wavelength - selective polarization conversion 
ization conversion element and a first anisotropic diffractive element is configured to polarize the third light of the 
lens element , third wavelength to have the first circular polarization the second lens set comprises a second wavelength component and the first light of the first wavelength and selective polarization conversion element and a second 30 the second light of the second wavelength to have the anisotropic diffractive lens element , and second circular polarization component . the third lens set comprises a third wavelength - selective 14. The holographic display device of claim 13 , wherein polarization conversion element and a third anisotropic 

diffractive lens element . each of the first anisotropic diffractive lens element , the 
9. The holographic display device of claim 8 , wherein the 35 second anisotropic diffractive lens element , and the third 

first wavelength - selective polarization conversion element , anisotropic diffractive lens element is configured to focus 
the first anisotropic diffractive lens element , the second light of the first circular polarization component and trans 
wavelength - selective polarization conversion element , the mit light of the second circular polarization component 
second anisotropic diffractive lens element , the third wave without diffraction . 
length - selective polarization conversion element , and the 40 15. The holographic display device of claim 13 , wherein 
third anisotropic diffractive lens element are sequentially the fixed - focus optical system further comprises a fourth 
arranged along the optical axis in a direction away from the wavelength - selective polarization conversion element con 
light source . figured to polarize the first light of the first wavelength , the 

10. The holographic display device of claim 8 , wherein second light of the second wavelength , and the third light of 
the first wavelength - selective polarization conversion ele- 45 the third wavelength to have a same circular polarization 
ment is configured to polarize the first light of the first component . 
wavelength to have a first linear polarization component and 16. The holographic display device of claim 1 , wherein 
polarize the second light of the second wavelength and the the fixed - focus optical system has a positive refractive 
third light of the third wavelength to have a second linear power and the variable focus optical system has a negative 
polarization component that is orthogonal to the first linear 50 refractive power . 
polarization component , 17. The holographic display device of claim 16 , wherein 

the second wavelength - selective polarization conversion the fixed - focus optical system comprises a fixed - focus dif 
element is configured to polarize the second light of the fractive lens element having a first focal length for the first 
second wavelength to have the first linear polarization light of the first wavelength , a second focal length for the 
component and the first light of the first wavelength and 55 second light of the second wavelength , and a third focal 
the third light of the third wavelength to have the length for the third light of the third wavelength , 
second linear polarization component , and the first focal length is longer than the second focal length , 

the third wavelength - selective polarization conversion and 
element is configured to polarize the third light of the the second focal length is longer than the third focal 
third wavelength to have the first linear polarization 60 length . 
component and the first light of the first wavelength and 18. The holographic display device of claim 17 , wherein 
the second light of the second wavelength to have the the variable focus optical system comprises a variable focus 
second linear polarization component . diffractive lens element , chromatic aberration by the vari 

11. The holographic display device of claim 10 , wherein able focus diffractive lens element is opposite to chromatic 
each of the first anisotropic diffractive lens element , the 65 aberration by the fixed - focus diffractive lens element , and 
second anisotropic diffractive lens element , and the third the chromatic aberration by the variable focus diffractive 
anisotropic diffractive lens element is configured to focus lens element is selected to cancel the chromatic aber 
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ration by the fixed - focus diffractive lens element in a 25. A holographic display device comprising : 
focus adjustment range of the variable focus diffractive a light source configured to emit light , the light compris 
lens element . ing first light of a first wavelength , second light of a 

19. The holographic display device of claim 1 , further second wavelength , and third light of a third wave 
comprising : length ; 

a spatial light modulator configured to form a holographic an eye tracker configured to track a pupil position of an pattern to modulate the light emitted from the light observer . source and to produce a holographic image ; and 
20. The holographic display device of claim 19 , wherein a focusing optical system configured to focus the holo 

the light source comprises : graphic image , 
a first light source configured to generate a first holo wherein the focusing optical system comprises : 

graphic image corresponding to a first view point ; and a fixed - focus optical system having a fixed focal length on 
an optical axis ; and a second light source configured to generate a second a variable focus optical system having a first focal length holographic image corresponding to a second view for the first light of the first wavelength , a second focal point that is different from the first view point . length for the second light of the second wavelength , 

21. The holographic display device of claim 20 , further and a third focal length for the third light of the third 
comprising : wavelength , 

an actuator configured to adjust positions of the first light wherein the fixed - focus optical system is configured to 
source and the second light source based on the pupil focus the first light of the first wavelength , the second 
position of the observer that is tracked by the eye light of the second wavelength , and the third light of the 
tracker . third wavelength on a first position , a second position , 

and a third position , respectively , on the optical axis , 22. The holographic display device of claim 19 , further and the first position , the second position , the third comprising : position are different from each other , and 
an illumination optical system configured to transmit light 25 wherein a distance between the first position and the 

emitted from the light source to the spatial light modu- second position is equal to a difference between the first 
lator . focal length and the second focal length , and a distance 

23. The holographic display device of claim 22 , wherein between the second position and the third position is 
the illumination optical system comprises : equal to a difference between the second focal length 

and the third focal length . a light guide plate comprising an input coupler and an 26. The holographic display device of claim 25 , wherein output coupler , and the fixed - focus optical system comprises : 
a beam deflector configured to transmit the light emitted a first lens set configured to focus the first light of the first 

from the light source to the input coupler , and wavelength on the first position ; 
wherein the beam deflector is configured to adjust an a second lens set configured to focus the second light of 

incident angle of the light incident on the input coupler the second wavelength on the second position ; and 
based on the pupil position of the observer that is a third lens set configured to focus the third light of the 

third wavelength on the third position . tracked by the eye tracker . 27. The holographic display device of claim 26 , wherein 
24. The holographic display device of claim 6 , wherein a a distance between the first lens set and the light source is 

distance between the first position and the second position is 40 less than a distance between the second lens set and the light 
equal to a difference between the first focal length and the 
second focal length , and a distance between the second lens set and the light source 

a distance between the second position and the third is less than a distance between the third lens set and the 
position is equal to a difference between the second light source . 
focal length and the third focal length . 

30 

35 

source , and 


